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1 
My invention relates te eleetric discharge de 
vices of the type generally known as thyratrons 
which utilize an ionlzable medium and a control 
grid, and, more particularly, te such devices 
employing caesium, rubidium or alloys thereof, 
as the ionizable medium. 
Thi construction and use of a successîul 
caesium vapor electric discharge device bas long 
been a goal of the discharge device art, since il 
ls known that caesium vapor possesses the 
ionization potentlal, i. e., 3.9 volts, avaflabli and, 
therefore, that a caesium vapor device opirates 
at a low arc drop resulting in very high effi- 
cioencioes. Further, it bas been round that in a 
caesium vapor device having a small reservoir of 
liquid caesium, no oxidi coating or other special 
electron emitting surface must be applied te the 
cathode, sinci a monatomic layer of caesium 
condensed frein the caesium vapor upon the hot 
cathode and serres as an efficient source of 
emitted electrons. Moreover, the emitting sur- 
face ruade up of a monatomic layer of condensed 
caesium bas a very long lire and high current 
capacity, sinci the monatomic layer of caeslum is 
maintained on the cathode, even under severe o1» 
erating conditions, by an equilibrium process of 
condensation on and evaporation of caesium frein 
the cathode surface. Thus, a successful caesium 
vapor e]ectric discharge device possesses the de- 
sirable characteristics of high efficiency, long 
lire, high current capacity, small size, and rug- 
gedness. 
However, the employment of caesium as an 
ionizable medium in an electric discharge de- 
vice presents several serious obstacles which 
must be overcome before the device may b con- 
sidered successful and practical. The problems 
relating te the construction of uncontrolled 
caesium discharge devices are specifically 
scribed in U. S. Patent 2,489,891, issued te me 
November 29, 1949, and assigned te the saine 
assignee as that of the present invention. 
In general, caesium is a chemically active ele- 
ment which attacks many materials, particularly 
glass insulators, employed in making a hermeti- 
cally sea]ed envelope and insu]ating various elec- 
trodes frein one another. Te maintain sealed 
tightness of the envelope, caesium resistant ce- 
ramic, instead of glass, insulators and caesimn 
resistant seals are used. However, caesium re- 
sistant ceramics, while excellent insu!ators in 
air and at room temperature, behave quite dif- 
ferently in the presence of caesiurn vapor at 
elevated temperatures. It bas been found that 
appreciable condensation of caesium on the sur- 
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2 
faces of ceramic insulators considerably reduces 
their insulation propertiesproducing a relatively 
low resistance surface leakage path and, there- 
fore, that it is necessalT te maintain the ceramic 
5 insulators at a higher temperature than the 
liquid risirvoir of caesium in 0rder that con- 
densation does net occur in appreciable amouns 
on the insulators. The essential problem, then» 
is te maintain some portion of a caesium dis- 
10 charge device at the proper temperature for the 
desired vapor pressur e of caesium and te main- 
tain the insulators, as well as electrodes, at 
higher temperatures in order that caesium is 
net condensed in apprecible amounts thereon. 
15 The present invention is concerned with addi- 
tional problems encountered in the construction 
of a grid controlled caesium discharge device and 
constitutes over the said patent an improvernent 
which provides a successful and practical grid 
0 controlled caesium vapor discharge-device. 
In the construction of a successful grid con- 
trolled caesium vapor discharge device even 
greater problems are encountered, since two ce- 
ramic insulators are required between the three 
25 electrodes and since the control grid itself mus 
be maintained above the lowest temperature in 
the device. The temperature of the control grid. 
as well as that of the anode, must be prevented 
frein reaching the emission temperature of a 
0 caesium-coated surface or grid emission and 
anode emission will occur. Grid emission results 
in loss of grid contre], while anode emission may 
initiate arc-back. Consequently, for almost 
every part of the device, the temperature must 
25 be neither too high ner too low, being thus re- 
stricted te a relatively narrow ternperature 
range. 
If is an obect of my invention te provide a 
new and improved grid controlled electric dis- 
40 charge device of the type employin caesium as 
an ionizable medium. 
It is a further object of my invention te pro- 
vide a necessary temperature controlling system 
for a grid controlled caesium vapor electric dis- 
45 charge device. 
It is a still further object of my invention te 
provide a grid controlled electric discharge de- 
vice of the caesium type requiring less critical 
temperature control through the use of a cae- 
50 sium-alkali metal alloy. 
In carrying out my invention in one îorm 
thereof, I provide an electric discharge device 
laving a cylindrica] shell, with suitable end 
closures, forming the greater part of a hermeti- 
55 cally seaed envelope and serving also as an 
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anode. A cathode structure and heating means 
therefor is supported within and extending from 
the bottom end of the anode shell by lneans of 
a caesium resistant ceramic insulator bonded 
between the cathode structure and the shell, at 
the saine tiïne forming a part of the sealed el» 
velope. A control grid structure is similarly 
supported within the anode she]l, interspaced 
between the sI]elll andth cathode and extending 
from the top end of the shell, by means of a 
second ceramic insulator bonded between ttie. 
control grid structure and the, anode, sheI1 and 
forming a part of the sealed envelope. n outer 
jacket and headers are praided, around tha 
sealed envelope fo deiïne a path, for cooling fiuid. 
between the anode and the jacket; and.the con 
trol grid is ruade up of tubular members sup- 
ported betwen headers to define a path for coolU 
ing fiuid through the control grid. A small 
amount of caesium is present in the sealed en- 
velope,, lyin in liq_uid form in. a small tz.ough 
near-the botom end of. the.- anode, shell, oz in 
some. other portion so located with respect to 
the cizculation path of the: cooling fluid that ifs 
temperature is lower than that of any other part 
of the enclosure. 
In- operation, the tube is heated, suciently, by 
cathode heating means or external means, so 
that a portion of the caesiu-m vaporizes to the 
proper-vaRor pressure. The: cathode is also 
heated, and. emits eleckrons which, are collected 
by the anode held at positive potential with re 
spec.k to  the: cathode. In. order- that the various 
parera of the. dice arme_ kept. ak thé- ropez tem 
peratues in. accozdance wih the afozmen- 
tione.d.r.equi[ements; coolin: fiuid- is cizcu]ted 
seriall- thzougk tha outer jcket: passin .by he 
flrs  aermiC insulator,, the caesium lesezvoi, 
tJe ansda shelland the sec.end, ceramic  insulator 
in tha oder», and thence thr0ugh, the. tubular 
cntroI grid:. The liquid caesium, is thus kept 
c.ooler « tian an[- par.t in the tube, sinae, the fiuid 
Imsses near it first. The first insulator is. kept 
wrmer, than the liquid caesium, even though 
the fiUi passes ik early in the flow cycle, since 
ifi. is. pesitioned fo. receive- radiated heat from 
ttie«heted, cathode store. The cooling fiuid cools 
the. anode, and absorbs boat. ïrom. the. anode so 
hat. by the- rime the. fiuid passes the second: in- 
sulator it. is warmer than.the.liquid caesium_and 
thus. keeps the second insulator hiher in rem, 
perature than the liquid caesium. The rid is 
next. cooled by fiuid fiow but only to a tempera- 
ture. somewhat above the temperature of the 
]ïquid caesium. Therefore, by this arrangement, 
any appreciable condensation of caesioEm vapor 
occurs only at the coolest point, i. e., back into 
the. liquïd caesium, and hot on the anode, con- 
trol grid, or-insulators. An appreciable con 
densation is one considerably, in.excess of a mon- 
atomic layer producing a lowered surïce- Ieak- 
age: resistance. 
The: novel features of my invention are pointed 
out with particularity in the appended claires. 
However, for a botter understanding-of the in- 
veïtion-, together, with further objects and. ad- 
vantages thereof, refer.enc.e should b.e had to the 
following tescription, taken_ in conjunction with 
the: ccompanying drwings,, wherein: 
Fig. 1 is an elevational view in section of an 
electric discharge device illustrating one embadi- 
ment, of  my invention; and Fig 2 is a cross- 
sectional view taken, along the line 2--2 of Fig. 1. 
Referring now to Figs. 1 and 2 I haro. sho.wn 
an electric discharge, device comprising a he- 
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metically sea!ed envelope including a cylindrical 
shell , the inner surface of which serres, in this 
preferred form, as the anode of the device. To 
close the lower end of shell , an annular header 
5  is provided through which a cathode moral 
support cylinder 3 extends. In order to support 
cylinder  and the cathode structure from header 
2, and. insulate the cathode from electrical con- 
nection. vith the- anode» means including an in- 
10 sulating seal are provided, in this instance a 
cylindrical insulator a ruade of a material not 
. attacked., by. caesium, such as ceramics of the 
aIumina or of the magnesium silicate groups. As 
mwn ïu. the. draving, a moral collar  is onded 
13 at one ed thereof to support cylinder 3 and 
the other end hereof fo a moral connecting 
slee. 6 which, in turn, is joined fo h]sulator 
A preferable method of effecting a reliable seul 
between moral sleeve 6 and ceramic insulator 
20 is one such as the titanium hydride method dis- 
closd ard caimed in the opending application 
of. Bondley, Serial. No. 36»2,. filed JanuarF 
1943., and assigned, to the saine assignee a. that 
oi the present aplication.  second moral.con- 
25 nectïng, sleev - is. bouderie_ in a, manner snflar 
to that for sleeve 6, t he. outer sm'face ofl in- 
sulator , well spaced from the inner_- end of 
sulator , and welded, to the. header 2, as shown, 
to complete the lower, portionof the seled 
30 enve]ope. 
The. cathode: structur.e incluIe . pluralitF of 
vanes 8: which extend: radiII, from cylinde 
and. which- may be- cveed: wil screen mesh 
fo. increase, khe: efïecti.v.e aea and. emissio ca 
Z0 pacity of_ the. cathode. Cyli_d  w.nes 8 and 
mesl 9 . ae. pefrbly mad o£" clearï rdckeL. 
sp.ecia] emitting! surîac.e beirg equir.ed. i. thîs 
caesiu3n, vapo device, as explined hereinbeïore. 
A. heat conserving  shield. @ is supported_ fom 
4o cylinder 3 tu.. snrruoE vanes. 8, being s showï a 
generally closed, cy.lindrical mtallic coering 
having a plurality o layers |  of rhin metl or 
meta foil- and provided with- penigs 2 in the 
side wal througl which electricl discharge 
« may take place hetween the.- anode.: anoE the cath- 
ode The interior of support cylinder  serres 
as an. hermeticaly sealed, chamber containing a 
heating e!ement-  preferably tungsen. Heat- 
ing element | is wound upon a ceramicsleeve ! 
O whichsurrounds thednner en oïa metallic sup- 
port and electrieal leadin member ,. to which 
one end of element  is welded. The other-end 
of. element : is welded to a stud 6 extding 
inwardlFfrom a cap or closure member  which 
53 closes the innermosk end of the chamber. Sup- 
port and lead-in member  extends through 
insulating sea.l to the. exteïior of. the chamber, 
such a seal. being fomed bF a connecting cylin- 
der | 8 welded at ore end therof to. the inner 
60 face of cy]inder . and sealed at the oute, end 
to a glass cylinde |. A closing collar 
sealed to cylinder- 9 and, in turn, welded, to 
member |. Member |. maF be spaced from 
cylinder 3 by a  heat-resistant insulation ring ., 
65 as shown, if it; isnecesary o desirable. Heat- 
ing current is supplied fo member  and a 
minal 22 which, being attached fo cylinder 
serres as the cathode terminal 
On the inner surface of heder 2-there is 
70 cated a.stiffeningring  having a inwadly ex 
tending flange . Ring  serres to strengthen 
the relatiwe]y rhin header  in supporting the 
cathode structure, vhile fiange 2 provides: an 
annular reservoir between itse]î and shell  to 
75 hold a small amount of liquid motel , which 
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may be caesium, rubidium, or certain alloys 
thereof giving an ionizable medium having the 
desired features of caesium described herein 
belote. 
The upper end of shell ! is closed by a second 
annular header 26, also having a stiffening ring 
27, through which a metal support cylinder 
extends fo support the control grid structure. 
The sealed envelope is completed by a collar 
bonded atone end thereof fo cylinder 28 and af 
the other end thereof fo a metal connecting 
sleeve 30. Sleeve 30, in turn, is sealed to a cylin- 
drical insulator 3!, similar fo insulator 4, by 
process such as the process given by the afore- 
mentioned copending application. As shown in 
the drawing, another metal connecting sleeve 
is also sealed to insulator 3! and also bonded to 
header 28 fo complete the upper portion of the 
sealed envelope. 
In order fo provide for cooling of the control 
grid, a unique structure, preferably made of iron, 
is supported from cylinder 28, and comprising 
a pair of ducts 33 and 34 welded into cylinder 
and communicating with a ring header 35 into 
which the upper ends of a plurality of grid-form- 
ing tubes 38 are fastened. Supported within 
cylinder 20 by an annular disk 3 is a tube 30, the 
inner end of which communicates with the in- 
terior of the sealed envelope and on the upper 
end of which there is provided a seal-off tubula- 
tion 33 for reducing the pressure in the en 
velope and making the final seal. Annular disk 
3 also closes the lower end of the annular space 
between cylinder 26 and tube 38 which is a part 
of the cooling fiuid fiow path, as will be explained 
hereinafter. As shown more clearly by Fig. 
the annular space between cylinder 20 and tube 
38 is divided by a diametral partition 48 and ring 
header 35 is divided by a similar diametral par- 
tition 4!, providing a cooling passageway, in 
der that cooling fluid may flow downwardly in 
hall of grid-forming tubes 88 and upwardly in 
the other ha!f of tubes 88, the bottom of ends of 
tubes 38 being fastened into another ring header 
4, as shown in Fig. 1. Attached to the upper 
end of cylinder 28 is a fltting 43 to conduct the 
fiow of cooling fluid, as will be explained here- 
inafter, and around fitting 43 a control grid ter- 
minal 44 may be conveniently located. For con- 
trol grid cooling purposes, a small opening 
is made through cylinder -3, as shown. 
To provide an outer jacket for the device and 
deflme a path for cooling fiuid which gives the 
proper temperatures at the various parts, I bave 
welded an outer cylinder 48 around anode shell 
 and separated them with a spiral baflle 4, as 
shown in Fig. 1. Headers 2 and 8 are also en- 
closed by the jacket, since closure members 4 and 
3 are bonded fo the inner surface of shell ! af 
its opposite ends. To the inner edges of closure 
members 48 and 9, bellows  and 5! are bonded, 
as shown, in order that expansion or undue pres- 
sure will not cause a leak in the jacket and, at 
the saine rime, providing a path for fiuid flow 
pa.st insulators 4 and 3 . The jacket is completed 
by sleeves 52 and 53, bonded fo bellows 50 and 
!, and sealed into glass insulators 54 and 
and by other sleeves  and  sealed into insu- 
lators 5 and 55 and bonded fo collars 3 and 53, 
which, in turn, are bonded to cylinders 3 and 
An entrance 88 fo the cooling jacket is formed 
on sleeve 56, the ultimate exit being formed bY 
fitting 43. In order fo define spiral paths of fiuid 
flow past insula.tors 4 and 3 and to thus obtain 
good heat exchange relation therewith, baflles 8 

6 
and 62 are mounted respectively on sieeves 7 and 
32; and similarly spiral fluid flow paths past 
headers 2 and 28 are deflned by baflles 83 and 
mounted on closure members 48 and 49. 
5 Since the device is intended fo operate with the 
coolest portion of the tube, i. e., the caesium 
riservoir defined by flange 24, at around 150 ° C. 
so that the caesium vapor pressure is approxi- 
mately 10 microns, if is preferable fo provide an 
10 external sheathed heating element 65 around 
cylinder 48 fo bring the device up to temperature 
before commencing operation and fo hold it there 
during standby periods. Of course, the cathode 
heating elemint !3 may be used for this purpose, 
15 but its action is slower and, therefore, less con 
renient. Once the device is in operation, the 
heat generated therein is more than suflicient fo 
maintain the desired temperatures and the cool- 
ing jacket and circulating cooling fiuid acts fo 
20 maintain each part of the device at the proper 
temperature. !t will be apparent that the cool- 
ing fiuid to be used must be one which is electri- 
cally non-conductive and which is unaffected by 
the relatively high temperatures involved. 
z5 Water, of course, is not satisfactory but certain 
ofls such as the silicone oils bave been employed 
with success as cooling fiuids for the device 
lustrated. 
In operation, current is conducted by electric 
o discharge from anode fo cathode through an 
anode terminal 8 and cathode terminal 
However, as in well known thyratron type dis- 
charge devices, such discharge can only be Initi- 
ated when the control grid is ai or above a pre- 
 determined potential, applied fo terminal 44, for 
the particular voltage difference between the 
ïnode and the cathode. Electron emission, as 
previously mentioned, occurs from a monatomic 
equilibrium layer of caesium on the hot cathode, 
0 heated by heating element !3 fo approximately 
fS0 ° C. Electrons striMng the control grld and 
the anode produce a certain amount of heat 
which must be removed in order fo maintain the 
various parts of the device at the proper tem- 
.15 peratures mentioned hereinbefore, and this is 
accomplished by the device illustrated in Fig. 1 
by cooling fluid circulated in the following path: 
Ielatively cool fiuid enters the device through 
entrance 88, passes insulator 4, goes through 
50 balïies ! and $3, and thence through an opening 
8 in shell ! and into the space between shell 
and cylindei 6. The liquid caesium 25 held by 
shell , header , and fiange 24 lies near the 
early part of the cooling fiuid flow cycle and is, 
55 therefore, maintained as the coolest part of the 
device. Even though insulator 4 is surrounded 
by cooling fluid in an earlier part of the fiow cycle, 
ifs inner surface is maintained at a temperature 
from 10 ° C. to 50 ° C. above the temperature of the 
60 liquid caesium by heat radiated directly from 
cylinder 8 which is relatively hot due fo heat re- 
ceived from element  3. After entering the space 
between shell ! and cylinder 48, the cooling fluid 
flows in the spiral path around shell , cooling 
65 the anode and being warmed as a result. The 
fluid next flows through a second opening 88 in 
shell !, past header 28 in a spiral path defined by 
balïie 84 and upwardly past insulator 3! in a 
spiral path defined by balïie 2. T'ne fiuid, after 
70 passing anode shell , is waimer than when ii 
passed liquid caesium 2 and, therefore, insulator 
4! is maintained above the lowest temperature in 
the device and there is little likelihood of caesium 
vapor condensing on the surface of insulator 
75 Also, it will be noted that the inner surfaces, i. e., 



thsurces=expoedl to" ceslum= vapor. of 2 insu» 
lrs and .1 .b-etween s]ee.ves 6:andré:and eeves 
ticular consr_uction-'.illtrted: so_ thatA¢kage: 
due .to._ surïe.conducceof.'conàeed:cs ium 
t.her¢on ifany, wil] beminimized.. ter pssing. 
insulor;  I, the-cooling.fluid entes:the»flov:path 
Drod in the grld .structure, i. e;,.enter, the. 
ann': sRe  heween-: cylinder: 
tongh openin4:, thence_ passing donwar.dl 
through the left: haE. of« the: aula space into. 
duct 3,. through the_deï.t:halï, oï 
and= donwardly: tolgh_ çhe» left. halï of grid 
tubes . Ènti rin headr , the cooiing 
fiud: floshenceupwa2dl} thr.onh thejjghhlf 
o?grid: tubes:  tb:oughduct 
t.wen cylinder: 2.8 and tube , and out. ol; the; 
cng: Jacket through fltting- 
rucure_ is; therefore,, also c.oold by the ccula- 
io.of co.oling fiuidand.e danger-of, if. b¢comr 
ing._emitter; asthe .caCo.de is; is.remote. 
even .the-id structure» by this:method; is. main- 
td. appreciably, hotter: than- the coolest por.- 
tioin-the deyic; and the danger of caesium con- 
deing on the grid. str_ucture, in appreciable 
amuunts:isïalso.remote. 
The :caesium' discharge device;shown by Figs. 1 
and  is, therefore, one which successfuHy ments 
the problems:encountezedJn the construc.tion of 
a  controled oesium vapor devic¢. The. various 
parts«of.- the dice:, ar. ma4ntnd.-the 
temratures:: for succeul; operation, by the 
unique" squei:l series flmv paçh for cooHng 
fluid. 
The ioniZable medium: empl0yed.in the. device 
of? my invention may be: caesium or- rubidium, 
However, !. bave. dlscov.ered that: an. alloy of 
caesium:or:rubi.dium.wihsome: oher: alkli meta.l 
.ch-: s potassium- oz s.ium: may be used fo 
further dvantae; and; therefore, I prefer in 
some. cses to use  cesium-sodium loy, for 
exampe, for the iouza'ble mecum. Th bene- 
fit o: an_ alloy such. as- this- is be!ieved, to result 
ri'oto a-lower caesium rapin" pressure over the 
liqd alloy-than over: pure. caesium, with the. c0nr 
sequence that caesium vapor tends  condense 
more asily-back into the liqd .pool and less 
easilyon to the cermic insulators, anode, or con- 
'oI grid. Ther.efore, the-temperature differen- 
tials between the-various, parts of the device are 
hot so. critcal. .ore speccally, an alloy. 
caeshm (o rubidlum) with. some other alkaii 
metal_is:known to follw Raoul's law, whih may 
be sated-in t case. as: follo:ws: 

VaEor pres. of Ca above: MIoy-- 
- Va,por. pres. of Cs al»ove, Cs 
Atomie per cent ofCs in atloy 
1.00 

From the above expression it will be seen that a 
50'-5_0 a.tomiC percent al!oy of caesium with an- 
other alkali metal, say potassium, will result in 
on!y one-half the caesium vapor pressure over 
te tiquid metal for a given temperature than 
that resulting from the use of' pure. caesium. 
Hence, the use of such an alloy gïves the.caesium 
vapor 1note tendency to condense back into the 
tiquid metal instead of onto the insulators and 
etectrodes, with the result that the temperature 
differential between the iiquid ruerai and the 
vazious,, other parts of the tube is not such a criti- 
cal' factor fo the successïul opération oï a dis- 
charge device of this type. In certain cases, hov- 
eve, it is desirab]e fo use pure caesium or.. 

rubidium, a.the ionizbl,:medium; .whil¢: in:o.ther: 
case: alloys: oïç thes: metls, with_, other, 
metals.may: he.used.withadntag. 
While the present invention bas been descrj/ 
5 by. refernce fo. pticular, emboden::ther_e.çf, 
it.will be understood:that numerous moflific.atins 
mayb:made-.by those, sMlled in.the art withqut - 
ctuIlydeparting:from the invention. I, there-- 
fore, aire in the.,ppended cIaims.to cover ll:such- 
io equivate.n vaiations as: corne ,wihin_ th:: 
spirit:and:scope-of the.foregoing diaclos.e.. 
What. I claim, as:new- and des to seceby. 
Leters:aen:of_ the nited Statea  i; 
L A gljd:cotrotled ,. elecric: dischrge: deyi: 
5 compïisingan hermaticllyseled.enelope: 
sn node. thezein; al. quantit of: quid metN sec 
leCted fom the-: group coisti- of: caesiUm, 
rtinm, lkli metal alloys: of caesi, and 
alkaH met aHoys of rubidium   portion: 
zo said envelope;  cathode struct;,means-sup- 
Rorting sid cathode structe within said 
velope in insated relation with respect therem 
including a flrst ceric insular foing par 
of the envelope walland positioned fo receiveheat 
25 from saidcathode structure during the operation. 
of said device;. controt grid structure; means 
supporting said control id structure:within said. 
envelope4n insulad relation withrespect there-. 
to.inc!uding a second ceramic insator forng 
S0 part. of te envelope waII and means defining- 
cooIing pa.ths in heat exchange relation- with said 
portion of said envel0pe, one. electrode-of said 
device, and said second insulator in series.so that 
during operation of said device-cooling fluid y 
35 be cfl.cated- through said paths in the order- 
named fo maintain said second insulator at 
temperature above the temperature of said liquid 
mel. 
2. An e!ectric scharge de.ce-of the thatron 
40 type comprising an hermeticaHy seuted envelope; 
a quantity oï liqd ruera1 seIected from the group 
coisting of caesium, rubidium, alkali ruerai 
alloys oï caesium, and alka!i metal alloys of 
zubidium within said enve]ope; a cathode struc- 
45 ture; mea-supporting said cathode structure 
within saidenveiope in insated relation there 
including a st ceramic insulator foing part 
of the envelope wall; a control grid structure in 
ctuding a pair of headers and a plurality of tubu- 
50 1af members cmected between said headers 
Dng a cooHng path therethrough; mea sup 
porting said control grid structure ,within said 
envelope in insulated relation with respect there 
 including a second ceramic insulator;- said 
 first ceric insulator beg positioned to receive 
heat from said cathode structure; and means 
defing u cooHng fluid flow path ound said 
second iulator in series with said control grid 
cooling th. 
60 3. A grid controlled elect]ic discharge device 
compring: an hermecaliy sealed envelope in -- 
cluding a metal portion forming an anode for sid 
device;- a quantity of liquid ]netal selecd from 
the.group consisting of caesi-, rubidium, alkali 
65 metal alloys of caesium, nd alkati metal atioys 
of rubidium within sd envelope;.a cathode struc- 
te; means supporting, sid cathode structure 
witn said envelope in insulaed relation with 
respect thereto inclu¢ng.a: flrst ceramic insuIator 
70 ïormingpart of-the envelope wail and positioned 
fo receive heat from said cathode structure dur- 
ing opertion of said device; a control grid stmc- 
ture; means supporing said controt grid struc- 
ture- within said envelope in spaced relation be- 
 tween, said cathode structure and-sai envelope. 
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and in insulated relation with respect to said 
velope including a second ceraulic insulator forul- 
ing part of th nvelop wall; uleans defining 
cooling paths in heat exchange relation with the 
region containing said liquid uletal, said anode 
portion of said envelope, said second insulator, 
and said control grid structure so that during 
operation of said devic cooling fluid ulay be cir- 
cu!ated serially through said paths in th order 
named to ulaintain said liquid uletal at a flrst 
predeterulined tempratul., to ulaintain said 
anode portion and said control grid structure be- 
low a second predeterulined teulperatur but 
abov said first predeterulined temperature, and 
to ulaintain said second insulator above said first 
predetermined teulperature. 
4. An electric discharge device oï the thyratron 
type comprising an heruletically sealed uletal 
velope forming an anode for said dvice, a reser- 
voir defined in one end of said envelope, a quan- 
tity of liquid caesium in said reservoir, a cathod 
structure, a fil'st ceraulic insulator supporting sadd 
cathode structure from said one end of said 
velope and positioned to receive heat froul said 
cathode structur during operation of said de- 
vice, a control grid structure including a plurality 
of tubular uleulbers supported in spaced relation 
between headrs defining a cooling path there- 
through, a second ceraulic insulator supporting 
said control .grid structure froul the opposite end 
of said nvelope, and jacket uleans around said 
envelope and said second insulator deflning cool- 
ing paths in heat exchange relation therewith, 

said jacket means and control grid structure be- 
ing arranged so that cooling fluid ulay be circu- 
lated past said envelope and said second 
insulator and through said control grid structure 
5 in series. 
5. An electric discharge dvice as set forth in 
claiul 4 which contains a quantity of a caesium- 
sodiuul alloy in place of the liquid caesiuul. 
6. An electric discharge devic of the thyratron 
10 type coulprising an heruletically sealed envelope 
having a uletal portion foruling an anode for said 
device, a quantity of liquid caesiuul in one end 
of said envelope, a cathode structure, a flrst 
raulic insulator supporting said cathode structure 
1.3 froul said one nd of said envelope and positioned 
fo receive heat from said cathode structure dur- 
ing the operation of said device, a control .grid 
structure, a second ceraulic insulator supporting 
said control grid structure froul the opposite end 
 20 of said envlope, and jacket uleans defining a 
cooling path around said anode and said second 
insulator in the order nauled so that during the 
operation of said devic cooling fluid ulay be cir- 
culated through said jacket ulans to ulaintain 
2, said liquid caesium ata flrst predeterulined teul- 
perature, to ulaintain said anode below a second 
predeterulined teulperature but above said flrst 
predetrmined teulprature, and to maintain said 
second insulator above said flrst predetermined 
0 teulperature. 
ALBEIT W. HULL. 
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